Strain patterns within the forearc at a convergent margin adjacent to a passing fault-fault-trench triple junction show a systematic evolution. We describe late Neogene and Quaternary deformation in northern coastal California in the last 3 m.y. associated with the migration of the Mendocino triple junction. Deformation in the North American forearc near Humbolt Bay consists of a 30-km-wide zone of on-land contraction with a narrower zone of translation to the east. The zone of subaerial contraction is part of the relatively wide, southernmost extent of forearc contraction within the Cascadia subduction zone. Net Quaternary northeast-southwest contraction across forearc thrust faults is at least 7.9 km, and minimum fault slip rates on the six major thrust faults are 0.8-2.3 mm/yr. Net right slip within the zone of translation is a minimum of 3 km. South of the forearc, translation is predominant in the North American plate and is accommodated along two major right-lateral fault zones of the San Andreas transform boundary, the Lake Mountain, and Garberville fault zones. Discontinuous exposures of late Neogene sediments along these faults near Covelo and Garberville, respectively, indicate that crustal contraction, expressed by thrust faults and associated folding, predated translational deformation at each site. Inception of contraction near Covelo was related to inception of internal deformation of the Gorda plate at 3 Ma. This contraction, due to coupling of the convergent plates, migrated northward in the forearc in advance of and at the rate of migration of the triple junction. Present-day deformation near Humboldt Bay thus reflects contraction associated with subduction of the Gorda plate and translation farther east associated with oblique convergence at the plate boundary. As the triple junction migrates, the strike-slip faults of the San Andreas transform boundary will extend to the north-northwest into the present forearc, and forearc strike-slip faults will become faults of the San Andreas system. Contractional structures near Humboldt Bay will then cease to be active and will be preserved in the geologic record in the same way as contractional structures are preserved farther south.
INTRODUCTION
This paper has two purposes. The first is to describe late Neogene and Quaternary deformation in north coastal California in the past 3 m.y. The second is to relate the pattern of deformation preserved by the geology to plate interactions associated with the Mendocino triple junction. The Mendocino triple junction was the product of collision of the Pacific-Farallon ridge with the North American plate at about 28 Ma [Atwater, 1970] 
INVESTIGATIVE APPROACH

Mapping of Deformation
In order to document late Neogene and Quaternary crustal deformation in the study area (Figures 2 and 3) , we selectively mapped areas of Quaternary and Neogene cover sediments. troduced by Angelier [1984] and utilized by Angelier et al. [1985] , Norris and Cooper [1986] , and Frizzell and Zoback [1987] .
The type of strain recorded by mesoscale faults is apparent in outcrop by offset relations and slickenside striae or grooves on fault surfaces. Where fractures and faults occur together in groups of similar orientation (clusters), we assume the same origin for the fractures and the faults.
Mesoscale fractures and faults are ubiquitous in the late Neogene sediments of the study area. Generally, these structures increase in density within 200-300 m either side of megascale faults, with greatest density near the fault trace. We therefore consider mesoscale faults as genetically related to the megascale fault.
Pairs of fault sets are common at many measuring sites. The However, we did not do detailed field studies of the Neogene sets are separated by an acute angle. In cases where the two Wildcat Group sediments in the Eel River basin because pre-fault sets formed synchronously (each offsets the other), have vious studies [Ogle, 1953 We mapped by aerial photographic interpretation and field reconnaissance those fault zones that do not cut Neogene sediments but nonetheless appear to be active. We define a fault zone as a zone that comprises individual fault traces that are close together and share a similar trend. In order to map a fault zone as probably active, each fault within the zone had to meet the following criteria: (1) each fault must have a visually obvious trace defined by a prominent topographic lineament or trough hundreds of meters wide, (2) the trace must be accompanied by a linear trend of springs, indicating that the structure locally controls groundwater flow, (3) the trace must display at least two of the following features: aligned sag ponds, aligned notched ridges, aligned linear drainage segments, or ridgetop depressions, and (4) at least one of the traces within the fault zone must have offset a Neogene unit or a distinctive Franciscan melange block. opposite senses of displacement, and show displacement perpendicular to the line of intersection of the fault sets, the two fault sets are a conjugate fault pair [Hobbs et al., 1976] .
We found two types of conjugate faults in Neogene sediments near megascale faults. In type one, all faults were vertical or subvertical, and all indicators of fault slip were horizontal or subhorizontal. In type two, all faults dipped less than 60 ø, all indicators of fault slip showed a downdip sense, and offsets showed a reverse movement sense.
Conjugate strike-slip shears are associated wih transcurrent fault systems [Harding, 1973; Wilcox et al., 1973] . However, the orientation of conjugate shears does not provide an unequivocal direction for the principal strain axes, despite models [Wilcox eta!., 1973 ] that show such a relation under idealized conditions. Orientation of the strike-slip conjugate faults relative to the principal strain for the region varies depending on postfaulting tectonic rotation and on where the conjugate fault developed along a segmented fault zone [Sibson, 1986] . Therefore conjugate strike-slip faults are used to document megascale transcurrent fault deformation, but we will not use these faults to assess axes of principal strain.
In the portion of the study area north of the latitude of the Little Salmon fault (Figure 2 ), the cover sediments are Pliocene and Pleistocene, and only one deformation is present. In this area we could establish a correlation of low-angle conjugate faulting (at the mesoscale) with thrust faults (at the megascale). Similarly, high-angle conjugate mesoscale faults are asFaults shown by dashed lines on Figures 2 and 3 are major sociated with high-angle, dominantly strike-slip megascale faults that cut Mesozoic basement rocks but do not meet the faults. criteria for classification as probably active faults. Though suf-In the study area near the Russ fault and farther southward ficient geomorphic evidence is lacking, the dashed faults none- (Figure 3) [Fisher, 1953] after rotation (Table 2) .
From the structural data we infer that these mesoscale lowangle reverse faults formed prior to folding related to movement on the major fault. The mesoscale faults formed only during incipient movement on the master fault, at a time when strain was more evenly distributed across the 500-to 1000-m- horizontal bedding creates a random pattern of the poles to planes, whereas the unrestored structural data show one or two clusters of poles to high-angle fault planes ( Figure 5 ). From this we infer that the high-angle faults formed after folding. We found insufficient data to determine if the two clusters represented a conjugate set. However, nearly horizontal grooves and striations observed on some high-angle mesoscale fault planes near Maple Creek suggest that these structures are part of a system of strike-slip faulting. structures. Consequently, these faults probably represent two generations of faulting, the first in a contractional strain regime, the second in a translational strain regime. An alternative possibility is that these low-angle and highangle mesoscale fracture sets represent a single deformation event (i.e., the same tectonic stress field). Though mesoscale faults of different types can be due to a single tectonic stress state (Angelier et al. [1985] and Frizzell and Zoback [1987] cite field examples), we feel that this is unlikely at Garberville because the two mesoscale fault types are for the most part spatially separated and best developed adjacent to either one fault or the other.
Russ and Capetown Faults
Based on aerial photographs, both the Russ [Ogle, 1953] and Capetown faults appear to offset by approximately 70-m remnants of the most prominent late Pleistocene marine terrace surfaces at the coast near False Cape and Cape Mendocino, respectively (Figures 2 and 3) . Mesoscale structures adjacent to the Russ fault are well exposed in a massive, subhorizontal 2-m-thick sand bed in Wildcat Group sediments [Ogle, 1953] along Wildcat Grade. The structures are moderately to steeply dipping (65ø-90ø), but no pattern is apparent, probably because of more than one generation of faulting. Figure 2) . On the basis of structural mapping on the continental shelf [Clarke, 1987] , we correlate mapped faults on land to offshore structures (Figures 10 and 11) . Faults that are correlatable with the Lost Man, Grogan, Bald Mountain, and Big Lagoon faults appear on acoustic reflection profiles to be steeply east dipping to vertical [Clarke, 1987] (Figures 10 and 11) . The faults extend to or near the seafloor and offset Quaternary sediments. Basement offsets suggested by the acoustic reflection data are 100-1300 m up to the northeast [Clarke, 1987] . Right slip is suggested along the faults by their steep dips, relatively straight traces, variation in amount of apparent offset along the traces, and en echelon folds associated with the fault traces [Clarke, 1987] . Based on our kinematic model, we present a speculative reconstruction of the timing and distribution of crustal deformation in north coastal California in the last 3 m.y. (Table 3) . (Figures 10 and 11) , indicate that the slab edge is presently approximately below the Temblor Formation. We therefore infer that the slab window arrives about 3 m.y. after contraction starts, or 2 m.y. after strike-slip faults start to be superimposed on top of the contraction in the forearc.
The superposition of strike-slip faulting on reverse faulting, Farther south above the slab window (Figure 10 ), translation presently is the predominant type of deformation. This translation is accommodated along two major right-lateral fault systems of the San Andreas transform boundary, the Lake Mountain and Garberville fault zones (Figure 3) . However, discontinuous exposures of late Neogene sediments along these fault zones near Covelo and Garberville, California, respectively, indicate that a period of crustal contraction, expressed by thrust faults and associated folding, predated the present translational deformation (Figures 6 and 8 Constraints on the timing of initiation of contraction in the Temblor and Garberville sediments (Table 3) suggest that inception of contraction was related to both migration of the triple junction and to a major change in plate motion between the Pacific and Gorda plates at about 3 Ma [Wilson, 1986] into the present forearc, and forearc strike-slip fault zones such as the Eaton Rough fault zone will become faults of the San Andreas fault system. Concurrently, the contractional structures near Humboldt Bay (Mad River fault zone and Little Salmon fault) will cease to be active and will be preserved in the geologic record in the same way as contractional structures are preserved in Neogene sediments farther southnear Covelo and Garberville.
